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BIOPHTONIC PROPERTIES OF CELLS AND MITOCHONDRIA 
 
INTRODUCTION 
• Using molecular structures to make micromachines 




• Semi conducting materials for bio-micro-nano devices 
Surface-emitting lasers: 
• This is what he developed 
• Grown layer by layer, spraying semiconductors in layers, some of the 
most reflective substances known to man 
• In old lasers the laser comes out of the side of the layers 
• These emit from the surface, can do wider wavelengths 
• Market driven by fiberoptic communications 
Most of the work he will discuss today is going to be 830-850 nm 
Bio-cavity laser concept 
• Abnormal cells contain more protein and larger nucleus 
• Their additional density changes the speed of the light passing through 
them 
Light transport and trapping in tissue 
• Complex analysis 
• There is a potential for light to stay within the cell, energy trapped within 
the cell, might be important in light therapy 
• Light scattering mechanism in biological cells the largest effect is from the 
Mie scattering from large organelles, light scattering mostly from 
mitochondrial organelle.  Light goes straight through the nucleus, not a lot 
of scatter from the membrane. 
• As mitochondria are smaller they scatter more light; the size of 
mitochondria can be quite important.  Human mitochondria 700 nm, mice 
400 so mice; reflect more light 
• Glass of water, drop of milk (fat), laser pointer transversely, digital camera 
from the top, shows more absorption from small particles than large 
Strong light confinement in bio-cavity laser 
• Use to create strong feedback to build up light within a cell 
• Biocavity laser flow cytometer chip: can analyze spectra to separate 
normal from diseased cells: envision a smart scalpel for resecting tumors, 
as the cells go through can tell where the diseased tissue stops 
• Used to detect anthrax etc. 
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• Mitochondria give a strong signal, almost as strong as a whole cell; can 
look at single signals 
• If there is a way to inhibit the swelling of mitochondria, a component in 
Alzheimer’s and Parkinson’s, could help.  First must be able to identify; 
can do by wavelength shift 
• 700 nm penetrates 1 cm 
• Large diameter allows deeper penetration into the tissue 
• Difference in normal and diseased mitochondria—more inhomogeneous 
• Semiconductors enable new light sources for biophotonics 
• Micro/nano systems probe cells and organelles 
• Optical studies of cells/organelles can help elucidate light-tissue 
interactions 
• Far field – light scattering: elucidate light tissue interaction 
• Interior filled – cell modes 
 
Progressive increase in second hand light as it penetrates tissue? 
Scattering will alter the properties of the light, so the scattered light is different. 
The bounced light has different properties.  The photon energy remains the 
same, the momentum stays the same, but the direction is changing.  When they 
get to a certain depth, 60-70% ends up being ejected out.  Diseased cells—
penetrates much deeper.  May be why healthy people have a healthy sheen—
have small mitochondrial. 
 
The mitochondria exist in a lot of different sizes and shape in the cell, when 
removed from the cell they become spherical. 
 
Have not studied peroxyzomes, needs to be done. 
 
Clinically, the diseased cell responds better, elderly respond better.  Need to 
study the size of mitochondria as a function of age. 
 
Diseased mitochondria are larger.  Cancer cell have larger and more numerous 
mitochondria.  Injury causes larger mitochondria. 
 
 
